The expression pattern of Lmx1a, a LIM-homeodomain gene disrupted in the dreher mouse neurological mutant, is described during development. Lmx1a is predominantly expressed in the developing nervous system from embryonic day E8.5 to adulthood, in restricted areas. Major expression domains include the dorsal midline (roof plate) of the neural tube, the cortical hem, the otic vesicles, the developing cerebellum and the notochord. The Lmx1a expression pattern is therefore well correlated with the various aspects of the phenotype of the dreher mutant mice. q
Results and discussion
LIM-homeodomain transcription factors are involved in regional and cell fate specification during development (Bach, 2000; Hobert and Westphal, 2000) . Among the 13 family members present in vertebrates, the Lmx subgroup presents two paralogues: Lmx1a and Lmx1b. On one hand, Lmx1b has been implicated in limb development, where it specifies dorsal cell fate (Riddle et al., 1995; Vogel et al., 1995) and was recently shown to be responsible for NailPatella syndrome in humans (Vollrath et al., 1998) . Its expression pattern has been reported in detail in chick (Yuan and Schoenwolf, 1999) . On the other hand, Lmx1a was recently discovered to be mutated in the dreher mouse neurological mutant and seems to be involved in roof plate formation (Millonig et al., 2000) . However and curiously, besides roof plate expression in the spinal cord, the developmental expression of Lmx1a is not known. In this paper we describe mouse Lmx1a expression from its onset at embryonic day E8.5 to adulthood (Table 1 ). The Lmx1a pattern shows striking correlations with the phenotype of dreher mutants which includes, among other defects, cerebellar, hippocampal and cortical abnormalities, abnormal shape of rhombencephalic roof, short tail, and deafness (e.g. Costa et al., 2001; Sekiguchi et al., 1994 , and references herein). (Fig. 1A,B ). This roof plate expression covered almost the entire antero-posterior axis, with the exception of the caudal tip of the tailbud (Figs. 1A,B,F-H and 2B-E). At this level, Lmx1a was instead expressed in a more internal structure easily identified on sections as the caudal part of the notochord ( Fig. 2C-E) . Therefore, at tail- bud level, Lmx1a was expressed as an inverted gradient in the notochord as it matures and in the roof plate of the neural tube (Fig. 1H) . The secondary neural tube overlying the undifferentiated notochord was not labelled (Fig. 2D,E) . These Lmx1a expression domains are probably responsible for the short tail (tailbud expression) and the deaf (otic vesicle expression) phenotype observed in homozygous dreher mouse mutants. Although dreher mutants show defects in neural crest derivatives (Manzanares et al., 2000) , we only detected Lmx1a expression in neural folds at late neurula stages (E8.5, Fig. 1A ), but labelling was absent later on in neural crest derivatives. Lmx1a was not expressed in developing limbs or gonads (Fig. 1A ,B,F).
Expression of Lmx1a in midgestation embryonic brain
In the forebrain, Lmx1a was strongly expressed in the roof plate of the telencephalic vesicles, i.e. in the cortical hem and the choroid plexuses (Figs. 1I-K and 2H ). This telencephalic roof plate expression stopped around E15.5 (absent at E16.5, Fig. 1N ). Because the LIM-hd gene Lhx2 was recently found to regulate the formation of the cortical hem (Bulchand et al., 2001; Monuki et al., 2001) , we compared the Lmx1a pattern to that of other LIM-hd family members (Fig. 2O-R) . The two paralogues Lhx2 and Lhx9 showed a pattern strictly complementary to Lmx1a, being expressed neither in the cortical hem nor in the choroids plexuses, but in the pallium, dorsal thalamus and ganglionic eminences (for Lhx2). Lhx1, together with its paralogue Lhx5 (not shown) had a distinct laminar pattern in the medial pallium anlage. This expression domain of Lmx1a will probably have to be related to the abnormalities of cortical and hippocampal formation observed in the dreher mutants (Costa et al., 2001) , and strengthens the idea that LIM-hd factors are implicated in the patterning of the dorsal telencephalon. In adults, relatively low level Lmx1a expression was observed in the Ammon's horns and the dendate gyrus of the hippocampus (Fig. 2N) .
In the diencephalon, Lmx1a was expressed in a restricted portion of the diencephalic roof plate (Figs. 1J and 2J) and in the basal plate of the hypothalamus, in a region that we identify as the tuberal and mammilary areas (Figs. 1I,N and 2I) after comparison with other LIM-hd genes and prosomeric analysis (see Rétaux et al., 1999) . In the mesencephalon, Lmx1a was expressed in the mesencephalic basal plate (Fig. 1N) , in the cerebellar anlage (Figs. 1L,M and 2L,M), in the anterior rhombic lips (Fig. 1L,M) , and in the mesencephalic choroids plexuses (Fig. 2K,M) .
Methods
Mouse Lmx1a full-length cDNA was isolated using primers designed on the genomic sequence of the mouse gene and sub-cloned in pGEM-T (Genbank accession number X81406. forward: ATGTTGGACGGCCTGAAG, reverse: CTCAAGAGGTGAAATAGGAATTC). Digoxygenin-labelled riboprobes were synthesised and used for in situ hybridisation in toto or on sections as previously described (Bachy et al., 2001; Rétaux et al., 1999) . In some cases, in toto labelled embryos were embedded into gelatin/albumin and cut on a Leica vibratome. Photographs were taken on a Nikon microscope or a Leica binocular equipped with a DXM-1200 camera. Embryo staging was done following the criteria of E0.5 at noon on the day of the morning vaginal plug.
